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(54) DEVICE, SYSTEM, AND METHOD FOR IMAGE PROCESSING, AND STORAGE MEDIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an image 
processor which can easily and efficiently actualize 
stable gradation conversion. 
SOLUTION; A first means 215 obtains gradation 
conversion characteristics for leveling the histogram of 
an input image. A second means 221 obtains the reverse 
characteristics of the gradation conversion 
characteristics for leveling the histogram of the image 
after the specific gradation conversion. A third means 
216 synthesizes the gradation conversion characteristics 
obtained by the 1st means 215 and the reverse 
characteristics obtained by the 2nd means 221, A fourth 
means 222 fits the composite characteristics obtained 
by the third means 216 with a function of lower order 
According to the composite characteristics obtained by 
the fourth means 222^ the gradations of the input image 
are converted. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The image processing system characterized by to have an acquisition means acquire 
the gradation transform function which is the image processing system which performs gradation 
transform processing to an input image, and is made to approximate to the histogram of the 
image with which the histo^am of the above-mentioned input image was given to predetermined 
gray scale conversion, and a processing means perform gradation transform processing to the 
above-mentioned input image based on the gradation transform function obtained by the above- 
mentioned acquisition means, 

[Claim 2] 1st means to acquire the gradation transfer characteristic for the above-^mentioned 
acquisition means to equalize the histogram of the above-mentioned input image, 2nd means to 
acquire the reverse property of the gradation transfer characteristic for equalizing the histogram 
of the image with which the above-mentioned predetermined gray scale conversion was 
performed, The image processing system according to claim 1 characterized by including 3rd 
means to compound the gradation transfer characteristic acquired by the 1st means of the 
above, and the reverse property acquired by the 2nd means of the above, and 4th means, fitting 
[ the synthetic property acquired by the 3rd means of the above / with the function of a low 
degree ]. 

[Claim 3] The 4th means of the above is an image processing system according to claim 2 
characterized by having the constraint which fixed the point specified beforehand changing 
[ concentration ], and performing the above-mentioned fitting. 

[Claim 4] the account of a top — the image processing system according to claim 3 
characterized by having 5th means to extract the data of the point specified beforehand 
changing [ concentration ] out of an input image. 

[Claim 5] It is the image processing system according to claim 1 which is equipped with a 
storage means to memorize the image with which two or more above-mentioned predetermined 
gray scale conversion was performed, and is characterized by the above-mentioned acquisition 
means acquiring the gradation transform function which makes the histogram of the above- 
mentioned input image approximate to the histogram of the image of the arbitration of two or 
more images within the above-mentioned storage means. 

[Claim 6] The image processing system according to claim 5 characterized by having the 1st 
actuation means for carrying out the external directions of the image of the above-mentioned 
arbitration used with tiie above-mentioned acquisition means. 

[Claim 7] The image processing system according to claim 1 characterized by having the 2nd 
actuation means for making an external change of the above-mentioned predetermined ^ay 
scale conversion. 

[Claim 8] The above-^mentioned input image is an image processing system according to claim 1 
characterized by including the image obtained by radiography. 

[Claim 9] The image processing system according to claim 1 characterized by using two or more 
images corresponding to each photography part of the photographic subject in radiography as an 
image with which the above-mentioned predetermined gray scale conversion was performed. 
[Claim 10] It is the image processing system which two or more devices are the image 
processing systems which it comes to connect possible [ a communication link ] mutually, and is 
characterized by at least one device having the function of an image processing system given in 
any of claims 1-10 they are among two or more above-mentioned devices, 
[Claim 1 1] It is the image-processing approach for performing gradation transform processing to 
an input image. The 1st step which acquires the gradation transfer characteristic which is 
approximated to the histogram of the image with which gray scale conversion from which the 
histogram of the above-mentioned input image serves as the target concerned was performed 
using the image with which gray scale conversion used as the target prepared separately was 
performed, The image-processing approach characterized by including the 2nd step which 
changes the gradation of the above-mentioned input image based on the gradation transfer 
characteristic acquired by the 1st step of the above. 
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[Claim 12] The above-mentioned input image is the image-processing approach according to 

claim 12 characterized by including a radiation image, 

[Claim 13] The 1st step of the above is the images-processing approach according to claim 12 
characterized by including the step which acquires the gradation transfer characteristic 
[ fitting / the gradation transfer characteristic which compounded the reverse property of the 
gradation transfer characteristic for carrying out flattening of the histogram of the image with 
which gray scale conversion used as the above-mentioned target was performed to the 
gradation transfer characteristic for carrying out flattening of the histogram of the above- 
mentioned input image / transfer characteristic / with the function of a low degree ], 
[Claim 14] The 1st step of the above is the image-processing approach according to claim 14 
characterized by having the constraint which fixed the point beforehand specified on the 
occasion of the above-mentioned fitting changing [ concentration ]. 

[Claim 1 5] the 1 st step of the above — the account of a top — the image-processing approach 
according to claim 1 5 characterized by including the step which extracts the data of the point 
specified beforehand changing [ concentration ] out of an input image. 

[Claim 16] The image-processing approach according to claim 12 characterized by preparing 
more than one for two or more photography part of every which can set the image with which 
gray scale conversion used as the above-mentioned target was performed for a photographic 

subject. 

[Claim 17] The gray scale conversion used as the above-mentioned target is the image- 
processing approach according to claim 12 characterized by the ability of an operator to change 
free. 

[Claim 18] The storage characterized by storing the processing program for carrying out the 
function of an image processing system given in any of claims 1-10 they are, or the function of 
an image processing system according to claim 1 1 possible [ read-out of a computer ]. 
[Claim 19] The storage characterized by storing the processing step of the image-processing 
approach given in any of claims 12-18 they are possible [ read-out of a computer ], 



[Translation donej 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the storage which stored the processing step 
for carrying an image processing system, an image processing system, the image-processing 
approach, and it out used for the equipment or the system which acquires for example^ a medical 
digital X-ray picture possible [ read-out of a computer ]. 
[0002] 

[Description of the Prior Art] With digitization of the image in recent years, digitization 
progresses also about a medical X-ray picture, and it is possible to acquire the spatial 
distribution of X-ray intensity as a digital image (digital X-^ray picture). 
[0003] As the acquisition approach of an X-ray digital image, a latent image is formed to a 
photostimulable phosphor with X lineal energy. The approach of acquiring an X-ray digital image 
according to the excitation light distribution by laser, After changing the spatial distribution of X™ 
ray intensity into optical intensity distribution (fluorescence) and changing into a direct electrical 
signal by the field sensor which has two or more pixels, the approach of changing into an X-ray 
digital image or the spatial distribution of X-ray intensity is changed into distribution of a direct 
charge, and there is the approach of acquiring an X-ray digital image etc. 

[0004] As an advantage of acquiring an X-ray digital image (digitizing an X-ray picture), they are 
preservation of - image data, and the increase in efficiency of a transfer. 

- The optimal image can be easily made by digital image processing. Thereby, the failure at the 
time of photography is easily recoverable, 

- EfficientHzing of medical diagnostic imaging. 

- Low-cost-izing of medical diagnostic imaging. 

Various advantages of are mentioned. 

[0005] Especially the advantage that the optimal image can be easily made by digital image 
processing is an advantage of the max using an X-ray digital image in the field of medical 
diagnostic imaging, and if this digital image processing does not exist, the diagnosis by the X-ray 
digital image cannot be considered. 

[0006] First, by the approach of outputting an X-ray picture in analog to up to the film from the 
former, using the part with the sensitive sensitization concentration property of a film over X- 
ray intensity (high part of gamma), it was clear and, specifically, was made as [ make / the high 
image of contrast ]. However, control for it was mainly performed by the conditioning at the time 
of roentgenography, and the tolerance of the photography conditions at this time was narrow. 
[0007] for example, drawing 8 — an axis of abscissa — X dosage and an axis of ordinate — film 
density — carrying out — a logarithm — the relation "C" between the incidence X dosage 
intensity distribution expressedHike and the film density then exposed and developed is shown. 
[0008] Then, although the optimal image which has concentration distribution which is legible to 
observers (medical practitioner etc.) as show by ''B'' is obtained when optimal X dosage intensity 
distribution as shown by "A"" are acquired in above-mentioned drawing 8 For example, if a 
photograph is taken with unsuitable X quality of radiation (-> short wavelength with a high bulb 
electrical potential difference (hand ray) -> body absorption decreases), as the dynamic range of 
X dosage intensity distribution shows by ''D", the image of narrowing and suitable gradation will 
not be obtained. Such a phenomenon may happen, even when the thickness of the body which is 
a photographic subject is thin. Moreover, when there are too many exposed doses even if X 
quality of radiation is suitable as ''E'' shows, the whole X dosage intensity distribution shift and 
the image which has suitable concentration distribution also in this case too is not obtained. 
[0009] On the other hand, in an X-ray digital image, various kinds of X dosage intensity 
distributions as shown in draw ing 9 are once acquired as digital value. And the image which has 
the optima! gradation property (it will be a concentration property on a film if hard copy is 
performed) as shown in this drawing "B" according to various kinds of gradation transfer 
characteristics (reference table) according to X dosage intensity distribution as shown by "Cl"- 
"03'' of above-mentioned drawing 2 is obtained, and the tolerance of the photography conditions 
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mentioned above spreads considerably. 

[0010] Dr awing 7 shows the configuration of X-rays equipment 800 which acquires the X-^ray 

digital image which has the above advantages. 

[001 1] In X-rays equipment 800, by using as a photographic subject the body 802 which iies on a 
table, when carrying out X photography, the X-ray sensor panel 803 changes into charge 
distribution the intensity distribution of X dosage from X-^ray tube 801 which has penetrated the 
body 802, and carries out a sequential output. An analog / digital transducer 805 digitizes the 
output of the X-ray sensor panel 803, and makes the digital image data (X-ray digital image data) 
once memorize to memory 806, At this time, a controller 804 controls tiie exposure of the X-ray 
in X"^ray tube 801, and the timing of image acquisition. 

[0012] Here, there are offset and dispersion of gain in the X-^ray sensor panel 803 for every 
pixel. In order to amend this dispersion, the offset value which is the image acquired without 
carrying out exposure of the X^ray to memory 808 by X-^ray tube 801 is memorized. Moreover, 
what carried out logarithmic transformation of the gain value which is the image acquired in the 
condition that there is no photographic subject (body 802) to memory 809 is memorized. 
[0013] A transducer 807 performs logarithmic transformation and is specifically a reference table 
(look-^up table). 

[0014] Therefore, after the offset in memory 808 is subtracted by the subtracter 81 1, logarithmic 
transformation of the X-ray digital image data once memorized to memory 806 is carried out by 
the transducer 807, and they are that difference (division process) with the gain of memory 809 
is taken by the subtracter 812, and serve as an intensity-distribution image of an X-ray, The 
intensity-distribution image of this X-ray is once memorized to memory 810. Then, the image 
data memorized to memory 810 is read for preservation of an image, an image processing, image 
display, hard copy, etc., and is used for medical diagnostic imaging etc. 
[0015] Although gradation transform processing according to the gradation transfer 
characteristic as shown in above-mentioned drawing 9 as opposed to the image data read from 
memory 810 at this time is performed, in this gradation transform processing, the gradation 
transfer characteristic is determined as follows according to the condition at the time of 
acquisition of the image data (object image) concerned 

(1) Determine the gradation transfer characteristic that the concentration value (output pixel 
value) of the part (plurality or unit) of arbitration specified in an object image will turn into a 
target value, 

(2) Analyze the histogram of an object image, extract the focus of the histogram concerned, and 
the focus determines that the gradation transfer characteristic will become a target value. 

In such an approach (1) and (2), it is made as [ determine / that it will become the property of 
approaching a target value most after expressing the gradation transfer characteristic function 
with the function which has a small number of parameters and reducing a degree of freedom / 
the parameter concerned ]. 
[0016] 

[Problem(s) to be Solved by the Invention] However, since complicated operations, such as 
analysis of the object image itself or analysis of the histogram of an object image, intervened, 
and analysis, computation, etc. took much time amount and the analysis mistake occurred 
depending on the object image, the conventional approaches, such as (1) which was mentioned 
above, or (2), had the instability of gradation transform processing, 

[0017] moreover, for example, with X-rays equipment (medical X-rays equipment) as shown in 
above--mentioned drawing 10 Although the photography menu for performing photo^aphy and an 
image processing efficiently exists and the user is made as [ choose / from photography 
menus / the item equivalent to the part (body part) of the photographic subject which it is going 
to photo beforehand before photography after this ] There is a setting item for gradation 
transform processing of a part proper (setup of the parameter used for gradation transform 
processing) in the photography menu, respectively, and in advance, a user needs to set the 
parameter of gradation transform processing to it so that an observer's liking or good 
observation conditions may be suited. However, this setup was a very complicated activity, when 
there were various conditions by the part. 
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[0018] Then, this invention was accomplished in order to remove the above-mentioned fault, and 
it aims at offering the storage which stored the processing step for carrying an image processing 
system, an image processing system, the image-processing approach, and it out which realizes 
stable gray scale conversion easily and efficiently possible [ read-out of a computer ], 
[0019] 

[Means for Solving the Problem] It is characterized by to have an acquisition means acquire the 
gradation transform function the 1st invention is an image processing system which performs 
gradation transform processing to an input image, and the histogram of the image with which the 
histogram of the above-mentioned input image was given to predetermined gray scale 
conversion makes a transform function approximate under this purpose, and a processing means 
perform gradation transform processing to the above-mentioned input image based on the 
gradation transform function obtained by the above-mentioned acquisition means. 
[0020] The 2nd invention is set to the 1st above-mentioned invention. The above-mentioned 
acquisition means 1st means to acquire the gradation transfer characteristic for equalizing the 
histogram of the above-mentioned input image, 2nd means to acquire the reverse property of 
the gradation transfer characteristic for equalizing the histogram of the image with which the 
above-mentioned predetermined gray scale conversion was performed, It is characterized by 
including 3rd means to compound the gradation transfer characteristic acquired by the 1st 
means of the above, and the reverse property acquired by the 2nd means of the above, and 4th 
means, fitting [ the synthetic property acquired by the 3rd means of the above / with the 
function of a low degree ]. 

[0021] 3rd invention is characterized by for the 4th means of tiie above having the constraint 
which fixed the point specified beforehand changing [ concentration ], and performing the above- 
mentioned fitting in the 2nd above-mentioned invention. 

[0022] the 4th invention — the 3rd above-mentioned invention — setting — the account of a 
top — it is characterized by having 5th means to extract the data of the point specified 
beforehand changing [ concentration ] out of an input image. 

[0023] The 5th invention is equipped with a storage means to memorize the image with which 
two or more above-mentioned predetermined gray scale conversion was performed in the 1st 
above-mentioned invention, and the above-mentioned acquisition means is characterized by 
acquiring the gradation transform function which makes the histogram of the above-mentioned 
input image approximate to the histogram of the image of the arbitration of two or more images 
within the above-mentioned storage means. 

[0024] 6th invention is characterized by having the 1st actuation means for carrying out the 
external directions of the image of the above-mentioned arbitration used with the above- 
mentioned acquisition means in the 5th above-mentioned invention. 

[0025] 7th invention is characterized by having the 2nd actuation means for making an external 
change of the above-mentioned predetermined gray scale conversion in the 1st above- 
mentioned invention. 

[0026] 8th invention is characterized by the above-mentioned input image containing the image 
obtained by radiography in the 1st above-mentioned invention. 

[0027] 1 0th invention is characterized by using two or more images corresponding to each 
photography part of the photographic subject in radioj^aphy as an image with which the above- 
mentioned predetermined gray scale conversion was performed in the 1st above-mentioned 
invention, 

[0028] The 11th invention is an image processing system with which it comes to connect two or 

more devices of each other possible [ a communication link ], and at least one device is 
characterized by having the function of an image processing system given in any of claims 1-10 
they are among two or more above-mentioned devices. 

[0029] The 12th invention is the image-processing approach for performing gradation transform 
processing to an input image. The 1st step which acquires the gradation transfer characteristic . 
which is approximated to the histogram of the image with which gray scale conversion from 
which the histogram of the above-mentioned input Image serves as the target concerned was 
performed using the image with which gray scale conversion used as the target prepared 
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separately was performed, It is characterized by including the 2nd step which changes the 
gradation of the above-mentioned input image based on the gradation transfer characteristic 
acquired by the 1 st step of the above. 

[0030] 13th invention is characterized by the above-mentioned input image containing a 
radiation image in the 1 2th above-mentioned invention, 

[0031] 14th invention is characterized by to include the step which acquires the gradation 
transfer characteristic [ fitting / the gradation transfer characteristic which compounded the 
reverse property of the gradation transfer characteristic for carrying out flattening of the 
histogram of the image with which gray scale conversion used as the above-mentioned target 
was performed to the gradation transfer characteristic for the 1st step of the above carrying out 
flattening of the histogram of the above-mentioned input image in the 12th above-mentioned 
invention / transfer characteristic / with the function of a low degree 

[0032] 15th invention is characterized by the 1st step of the above having the constraint which 
fixed the point beforehand specified on the occasion of the above-mentioned fitting changing 
[ concentration ] in the 1 4th above^-mentioned invention. 

[0033] the 16th invention — the 15th above-mentioned invention — setting — the 1st step of 
the above — the account of a top — it is characterized by including the step which extracts the 
data of the point specified beforehand changing [ concentration ] out of an input image. 
[0034] 1 7th invention is characterized by preparing more than one for two or more photography 
part of every which can set the image with which gray scale conversion used as the above- 
mentioned target was performed for a photographic subject in the 1 2th above'-mentioned 
invention. 

[0035] Gray scale conversion from which the 18th invention serves as the above-mentioned 
target in the 1 2th above-mentioned invention ts characterized by the ability of an operator to 
change free. 

[0036] 19th invention is characterized by being the storage which stored the processing program 
for carrying out the function of an image processing system given in any of claims 1-10 they are, 
or the function of an image processing system according to claim 1 1 possible [ read-out of a 
computer ]. 

[0037] 20th invention is characterized by being the storage which stored the processing step of 
the image-processing approach given in any of claims 12-18 they are possible [ read-out of a 
computer ]. 
[0038] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
using a drawing. 

[0039] (Gestalt of the 1st operation) There is an approach which used histogram equalization 
indicated by JP,1 1"^96352,A etc. as an approach of changing the gradation transfer characteristic 
first used in case gradation transform processing is performed to an object image to the 
configuration of arbitration. The outline of this approach is explained using drawing 1 , 
[0040] In above-mentioned drawin g 1 , ''lOT' shows the histogram of X dosage (pixel value) of 
the image (input image) of the specific part of the photographic subject (here body) acquired by 
roentgenography, and "103" shows the gradation translation table for performing gray scale 
conversion which equalizes a histogram 101. 

[0041] By the technique called histogram equalization (Histogram Equalization), the gradation 
translation table 103 accumulates a histogram 101, and is created. 

[0042] Therefore, it sets "H (x)" and a gradation translation table to ''L (x)" for a histogram 101, 
setting the pixel value of an input image as "x" (Xmin<=x<=Xmax), and the gradation translation 
table 103 is [0043]. 
[Equation 1] 

LCx) =Xniin+C I H(i)/ I H(i)) x (Xn!ax-)&nin) • • -(1) 

i-Xinin Is^XbiIb 

[0044] It is expressed with the becoming formula (1). 

[0045] If gray scale conversion of the input image with which a histogram 101 is obtained is 
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carried out with the gradation translation table 103, the image which has the histogram 106 
equalized on the whoie will be obtained, 

[0046] The image of a condition with the specific part (the same part as the part in an input 
image) of the photographic subject with which "102" was acquired by roentgenography ideal on 
the other hand The histogram (target histogram) of X dosage (pixel value) of (calling it a "target 
image" hereafter) is shown, and by using the above-mentioned formula (1) type also about this 
histogram 102 The gradation translation table 104 of histogram equalization is created, and the 
image which has the histogram 106 equalized on the whole is obtained. 
[0047] The above-mentioned thing means that an image with the equalized histogram is 
convertible for the image which has the ideal histogram 102, if the translation table which has 
the reverse property (inverse function) of the gradation translation table 1 04 for obtaining a 
histogram 106 from the histogram 102 of a target image is created. 

[0048] That is, in order to change the input image with which a histogram 101 is obtained into 
the target image (image of an idea! condition) with which a histogram 102 is obtained, the 
gradation translation table HI (x) which equalizes the (a) histogram 101 is created 

(b) Create the gradation translation table H2 (x) which equalizes a histogram 102, and create the 
inverse function H2"-1(x). 

(c) Create convolution transformation table HO(x) -HI (H2-1(x)) which compounded the 
gradation translation table HI (x) and inverse function H2-1(x of the gradation translation table 

H2 (x)), 

(d) Change the gradation of the input image with which a histogram 101 is obtained on the 
convolution transformation table HO (x). 

What is necessary is just to perform processing (a) - (d) to say, 

[0049] Here, it is in special data processing of only a histogram being used for the point which 
should be noted by processing (a) - (d), but it analyzing the configuration of a histogram not 
being included. And if it sees globally, a histogram is completely in agreement with a target thing. 
[0050] However, it is another talks the policy objective of wanting to observe an image good, and 
to make a histogram completely in agreement with the optimal thing. 

[0051] Although some individual difference is since specifically photos the specific part of the 
body which is a photographic subject from a specific direction in the case of medical 
roentgenography, the histogram configuration of the photography image obtained by that cause is 
alike generally. So, the histogram 102 (histogram obtained from the target image of an ideal 
condition) shown by above-mentioned drawing 1 , i.e., the optimal histogram depending on a part, 
(the histogram the medical practitioner got it used to seeing, or histogram which shows human 
body structure clearly most) exists, and some meaning is in making the histogram of the 1 st 
image (input image) in agreement to this histogram 1 02. However, even if I hear that the 
configuration of a histogram is alike to some extent and there is, it is meaningless to make it 
completely in agreement with the histogram 102 which cannot disregard the individual difference 
which is a photographic subject, but only makes the histogram of an input image an ideal 
[0052] That is, in above-mentioned drawing 1 , the gradation translation table 105 makes the 
histogram 101 of an input image completely in agreement forcibly to the ideal histogram 102, and 
this cannot be said to be being ideal processing. 

[0053] as [ approach / to the ideal histogram 102 / the histogram 101 of an input image / with 

the gradation translation table which consisted of functions with the low degree of freedom 
which changes smoothly which were used from the former ideally / most ] — it should change, 
[0054] That is, near gray scale conversion can be ideally performed by determining the 
parameter of a function with the low degree of freedom which approximates the gradation 
translation table HO (x) in the best condition to the gradation translation table HO (x) created by 
the above~"mentioned processing (c) and the (reference table 105 shown in above-mentioned 
drawing 1 ). 

[0055] As a function with a low degree of freedom, a sigmoid function or its composition is 
mentioned, and if this sigmoid function or its composition prescribes an I/O function and a basis 
is carried out, a neural network is mentioned as a representative, for example. For example, the 
approach of gray scale conversion of changing the histogram of an input image into an ideal 
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configuration is indicated by JP,05-168615,A using the neural network. 

[0056] Then, an ideal gradation transform function is acquired, without performing complicated 
repeat operations, such as study (back propagation error) peculiar to a neura! network, with the 
gestalt of this operation to a technique from the former which was explained above. 
[0057] That is, the gradation transform-processing approach in the gestatt of this operation is 

enforced by the flow of the following processing **s - 

^* Set up the configuration of the histogram made into an ideal. You may make it use a header 
and its histogram for the image which is the easiest to observe for an observer as a histogram 
here, carrying out gray scale conversion of one or two or more images conversationally. 
Create the histogram of an input image. 

Create the gradation translation table HI (x) which equalizes the histogram of an input image. 

Create inverse function HZ'-Kx) of the gradation translation table which equalizes the 
histogram made into an ideal. 

Create convolution transformation table H0(x) =H1 (H2""1(x)) which compounded the gradation 
translation table HI (x) and inverse function H2-1(x). 

Create the sigmoid function which approximates the convolution transformation table HO (x) 
the best, A sigmoid function here is not limited. 

Perform gray scale conversion of an input image by using as a gradation translation table the 
sigmoid function called for by processing 

[0058] Moreover, the gradation transform-processing approach in the gestalt of this operation 
has an advantage on actuation of the X-^rays equipment or the system which acquires an X-ray 
digital image, 

[0059] In conventional X-rays equipment or a conventional system, concrete first Since the 
approach of photography conditions or an image processing differs from its condition for every 
body part required for medical examination or a diagnosis, a user In order to perform the image 
processings (gradation transform processing etc) of the proper for every part, for every part The 
object part needed to be chosen from the photography menu and the parameter (for example, 
numeric value of the conversion concentration of the object part by which automatic recognition 
was carried out, and conversion concentration, such as a histo^am peak by which automatic 
recognition was carried out) of the image processing to an object part needed to be set up. 
[0060] However, there is a (imitation in the parameter of the image processing which a user can 
set up, and although the image in the condition that a user wants by setup of the parameter 
within the limits of [ possible ] this should just be obtained, a user asks for the image which has 
the ambient atmosphere which cannot be described in fact in many cases in the parameter or 
language of fractions, such as whether to be the gradation which was ready as the whole image, 
[0061] Then, if a user chooses the part of arbitration from a photography menu, he will enable it 
to set up the image concerned or its histogram itself as a target of an image processing with the 
gestalt of this operation about the typical image of the selection part instead of the parameter of 
image processings (gradation transform processing etc.). A user creates a typical image (target 
image) here conversationally in advance, moving a gradation translation table. Therefore, a user 
should just set up the ideal image itself or its histogram rather than sets up the parameter of an 
image processing, 

[0062] (Gestalt of the 2nd operation) This invention is applied to X-rays equipment 200 as 
shown in dra wing 2 , This X-rays equipment 200 is equipment which enforces the image- 
processing approach (the gradation transform-processing approach) In the gestalt of the 1st 
operation, 

[0063] <Configuration of X-rays equipment 200> X-rays equipment 200 X-ray tube 201 which 
outputs an X-ray to a photographic subject (body) 202 as shown in above-mentioned drawing 2 , 
The X-ray sensor panel 203 which changes into charge distribution X dosage intensity 
distribution of the X-ray which penetrated the photographic subject 202, and carries out a 
sequential output, The analog / digital converter 205 which the output of the X-ray sensor panel 
203 is digitized, and is outputted as X-ray digital image data, The controller 204 which controls 
the exposure of the X-ray in X-ray tube 201 , the timing of acquisition of X-ray digital image 
data, etc., The memory 206 which memorizes the X-ray digital image data outputted from an 
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analog / digital transducer 205, The memory 208 which memorizes the offset value which is the 
image acquired without carrying out exposure of the X-ray, The memory 209 which memorizes 
the value which carried out (ogarithmic transformation of the gain value which is the image 
acquired in the condition that there is no photographic subject 202, The subtracter 231 which 
performs subtraction processing of the data in memory 206 and the data in memory 208, The 
transducer 207 which carries out logarithmic transformation of the processing result in a 
subtracter 231, and the conversion result in a transducer 207 and the subtracter 232 which 
performs subtraction processing (division process) of the data in memory 209, The memory 210 
which memorizes the processing result (intensity-distribution image data of an X-ray) in a 
subtracter 232, The pretreatment section 21 1 which pretreats to the image data in memory 210, 
The histogram generation section 214 which generates the histogram of the image data after 
pretreatment in the pretreatment section 211, The table generation section 215 which generates 
a histogram equalization table (gradation translation table) based on the histogram generated in 
the histogram generation section 214, The memory 217 which memorizes target image data, and 
the memory 218 which memorizes a target gradation translation table, The histogram generation 
section 219 which generates the histogram of the target image data in the memory 217 by which 
gray scale conversion was carried out with the target gradation translation table in memory 218, 
The table generation section 220 which generates a histogram equalization table (gradation 
translation table) based on the histogram generated in the histogram generation section 219, The 
inverse function generating section 221 which generates the inverse function of the histogram 
equalization table generated in the table generation section 220, The synthetic section 216 which 
compounds the histogram equalization table generated in the table generation section 215, and 
the table of the inverse function generated in the inverse function generating section 221, The 
fitting section t fitting / the convolution transformation table obtained in the synthetic section 
216 / section / with the function of a low degree ] 222, It has the memory 212 which memorizes 
the convolution transformation table after processing in the fitting section 222, and the image- 
processing section 213 which performs other image processings to the output of the 
pretreatment section 211 by which gray scale conversion was carried out on the convolution 
transformation table in memory 212. 

[0064] Moreover, X-rays equipment 200 is equipped with a control panel and a display function 
as shown in drawing 3 , • 

[0065] In above-mentioned drawing 3 , ''303'' is a control panel which is prepared in X-rays 
equipment 200 body, and is operated from a user "302 (1), 302 (2), — , 302 (8)" are two or more 
carbon buttons prepared on the control panel 303, and these carbon buttons 302 (1), 302 (2), — , 
302 (8) are prepared corresponding to the various photography parts (the part 1 of the body, a 
part 2, — ) of the photographic subject 202 as a photography menu. "304" is a carbon button for 
directing modification or a check for gradation processing conditions. 

[0066] "301 (1), 301 (2), ~ 301 (8)" are two or more carbon buttons 302 on a control panel 303 
(1). 302 (2), — , two or more memory corresponding to 302 (8), and such memory 301 (1), 301 (2), 
— , 301 (8) are prepared in X-rays equipment 200. And memory 301 (1), 301 (2), — , the image 
(original image) made into the target of gradation processing of an object part, and its ideal 
gradation translation table are filed in ******** of 301 (8). For example, the image made into the 
target of gradation processing of a part 1 and its ideal gradation translation table are filed in the 
memory 301 (1) corresponding to a carbon button 302 (1). In addition, it is possible for it not to 
be restricted to the number and to store one or more original images and gradation translation 
tables as memory 301 (1), 301 (2), — . the original image memorized by ******** of 301 (8), and 
a gradation translation table. 

[0067] "310" is the display prepared in X~rays equipment 200 body, and is made by this display 
310 as [ display / the original image 305, the gradation translation table 306. a histogram 307, 
and the image 308 after gray scale conversion ]. 

[0068] < — whole X-rays equipment 200: of operation — drawing 1 above-mentioned referring- 
to-> — first, by control from a controller 204, the X-ray generated from X-ray tube 201 
penetrates a photographic subject 202, and reaches to up to the X-ray sensor panel 203. The X- 
ray sensor panel 203 changes the intensity distribution of an X-ray into charge distribution, and 
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carries out a sequential output According to the control from a controller 204, an analog-to- 
digital converter 205 digitizes the output of the X-ray sensor panel 203, and outputs X-ray 
digital Image data. This X-ray digital image data is X-ray digital image data of the part of the 
arbitration of the photographic subject 202 with which current photography is performed, 
[0069] The X-ray digital image data (henceforth "input image data") outputted from the analogs 
to-digital converter 205 are once memorized to memory 206, 

[0070] Here, there are offset and dispersion of gain in the X-ray sensor panel 203 for every 
pixel. Then, in order to amend this dispersion, a subtractor 231 subtracts first the offset value in 
memory 208 (image data acquired without carrying out exposure of the X-ray) from the input 
image data in memory 231. A transducer 207 Is specifically a reference table (!ool<;-up table), and 
carries out logarithmic transformation of the input image data after subtraction processing with a 
subtractor 231, A subtractor 232 takes the difference of the input image data after the 
logarithmic transformation in a transducer 207, and the gain value in memory 209 (value which 
carried out logarithmic transformation of the image data acquired in the condition that there is 
no photographic subject 202) (division process). The input image data after subtraction 
processing with a subtractor 232 (intensity-distribution image data of an X-ray) is once 
memorized to memory 210. 

[0071] The pretreatment section 21 1 performs an image processing required before gradation 
transform processing to the input image data in memory 21 0, The input image data after 
processing in this pretreatment section 211 is supplied to each of the histogram generation 
section 214 and memory 212, and is used, for two actuation with actuation by the processing 
section after the histogram generation section 214, and actuation by the processing section 
after memory 212. 

[0072] The histogram generation section 214 generates the histogram of the input image data 
from pretreatment 21 1. The table generation section 215 was generated in the histogram 
generation section 214, carries out histogram use, and generates a histogram equalization table 

(gradation translation table). 

[0073] Although later mentioned for details at this time, the target image data corresponding to 
the part of the photographic subject 202 chosen as memory 217 from the control panel by the 
user is memorized. Moreover, the gradation translation table for performing gradation processing 
made into the target acOusted to memory 218 by the user from the above-mentioned control 
panel is memorized, 

[0074] Therefore, the target image data in memory 217 is passing the gradation translation table 
in memory 218, serves as an image in which ideal gradation is shown, and is supplied to the 
histogram generation section 219. 

[0075] The histogram generation section 219 generates the histogram of the target image data 
from memory 218. The table generation section 220 was generated in the histogram generation 
section 219, carries out histogram use, and generates a histogram equalization table (gradation 
translation table). The inverse function generating section 221 generates the inverse function of 
the gradation translation table generated in the table generation section 220. 
[0076] The synthetic section 216 compounds the gradation translation table (gradation 
translation table generated from the histogram of an input image) generated in the table 
generation section 215, and the inverse function table (table of the inverse function of the 
gradation translation table generated from the histogram of a target image) generated in the 
inverse function generating section 221. Fitting [ the fitting section 222 / the convolution 
transformation table obtained in the synthetic section 216 / with the function of a low degree ]. 
The convolution transformation table after processing in the fitting section 222 is memorized to 
memory 212, 

[0077] Therefore, the input image data outputted from the pretreatment section 21 1 to memory 
212 is passing the convolution transformation table in the memory 212, is changed into the 
gradation for which a user asks, and is supplied to the image-processing section 213. 
[0078] The image-processing section 213 performs the image processing of other arbitration to 
the input image data from memory 212, The input image data after this processing is used for a 
display, preservation, a transfer, or hard copy. 
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[0079] Actuation of < control panel and a display function: Drawing 3 above-mentioned refeiring- 
to-> [0080] First when changing for example, gradation transform-processing conditions, a user 
pushes the gradation processing condition modification carbon button 304, chooses a carbon 
button 302 (1), 302 (2), — , the carbon button corresponding to the part which it is going to 
change out of 302 (8), and does a depression, 

[0081] By this Memory 301 (1), 301 (2), — , 301 (8) inside, The original image and gradation 
translation table in the memory corresponding to the carbon button chosen from the user, i.e., 
the memory corresponding to the part which a user is going to change It is read to memory 217 
and 218 (refer to above^-mentioned drawing 1 X respectively, and is displayed on a display 310 as 
the original image 305 and a gradation translation table 306. And the histogram generation 
section 220 (refer to above-mentioned drawing 1 ) generates the histogram of the original image 
in memory 217. This generated histogram is displayed on a display 310 as a histogram 307, Since 
a change of the gradation translation table 306 from a user is not yet made at this time, the 
image of the same condition as the original image 305 is displayed on a display 310 as an after 
[ conversion ] image 308, 

[0082] Next, a user changes the gradation translation table 306 conversationally, checking the 
original image 305 displayed on the display 310, 

[0083] According to modification of this gradation translation table 306, the gradation translation 
table in memory 218 (refer to above^-mentioned drawing 1 ) is also changed. Thereby, the original 
image in memory 217 is passing the gradation translation table after modification in memory 218, 
turns into an image of the gradation based on the modification concerned, and is displayed on a 
display 310 as an after [ conversion ] image 308, Moreover, the histogram generation section 220 
(refer to above-mentioned drawing 1 ) generates the histogram of the original image after the 
gray scale conversion which passed memory 218. This generated histogram is displayed on a 
display 310 as a histogram 307. 

[0084] And a user does the depression of the gradation processing condition modification carbon 
button 304 again, after adjusting so that it may become the image which suited liking and 
compieting this adjustment by conversational modification of the gradation translation table 306, 
or it is easier to observe the image 308 after gray scale conversion for itself Thereby, the 
gradation translation table in the memory 218 at this time is registered as a gradation translation 
table of the target image actually used for processing. In addition, you may make it register the 
histogram in memory 220 itself with registration of a gradation translation table. 
[0085] If the gradation translation table in memory 218 is registered as a gradation translation 
table of a target image as mentioned above, in the gradation translation table, processing with X- 
rays equipment 200 which was explained by <refer to [ X-rays equipment / whole / 200 ] of 
operation : above-mentioned drawing 1 > will be performed. 

[0086] Drawing 4 shows the processing flow chart of the software program concerned for 
carrying out gradation transform processing in above X-rays equipment 200 by the software 
program. 

[0087] First a user chooses the carbon button 302 of a control panel 303 (1), 302 (2), the 
part that a photographic subject 202 photos by 302 (8) (step S401). 

[0088] The original image and gradation translation table memory 301 (1), 301 (2), — , in the 
memory corresponding to the above-mentioned selection carbon button among 301 (8) are read 
by the selection actuation from the user in step S401, respectively (step S402X It is displayed on 
a display 310 as these original images and a gradation translation table, the original image 305» 
and a gradation translation table 306. 

[0089] Next, the histogram of the image after carrying out gray scale conversion of the original 
image read at this step with the gradation translation table read at step S402 is generated (step 
S403X The histogram generated at this step S403 is displayed on a display 310 as a histogram 
307, 

[0090] And if adjustment actuation of the gradation translation table from a user is performed, 
according to the adjustment actuation, the gradation translation table 306 in a display 310, a 
histogram 307, and the image 308 after conversion will be changed and displayed. 
[0091] Next, a users termination of the above-mentioned acjjustment actuation creates the 
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conversion translation table for equalizing the histogram generated at step S403 at this time 
(step S404), 

[0092] Next, the inverse function table of the gradation translation table boiled and created at 
step S404 is created (step S405). 

[0093] On the other hand, the photography image data (input image data) of a photographic 
subject is acquired by roentgenography (step S406X 

[0094] Next, the histogram of the input image data acquired at step S406 is generated (step 
S407X 

[0095] Next, the gradation translation table for equalizing the histogram generated at step S407 
is created (step S408X 

[0096] After processing of steps S401-S408 is completed, the inverse function table obtained at 
step S405 and the gradation translation table obtained at step S408 are compounded, and a 
convolution transformation table is generated (step S409). 

[0097] And gradation transform processing is performed to the input image data which the 
convolution transformation table obtained at step S409 with the function of a low degree (step 
S410X and was obtained at step S406 using the convolution transformation tabfe after the fitting 
(step S411). 

[0098] In addition, when creating the gradation translation table of histogram equalization, you 
may make it the information on invalid parts, such as background information on an object image, 
deleted or disregarded out of a histogram. 

[0099] (Gestalt of the 3rd operation) First, although the vanity condition of the whole image is 
mostly attained by making the histogram approximate to a target histogram, by the medical 
image, to fix the pixel value (concentration value) of a further specific part, and to attain the 
stable diagnostic ability is desired; 

[0100] So, with the gestalt of this operation, it applies to X-rays equipmerrt 500 as shows this 
invention to drawing 5 , Although this X-rays equipment 500 is considered as the same 
configuration as X-rays equipment 200 of above-mentioned drawing 2 , having considered as the 
configuration which formed the pixel value information extract section 523 further especially to 
the requirements for a configuration with which X-rays equipment 200 is equipped differ. 
[0101] In addition, in X-rays equipment 500 of above-mentioned drawing 5 , the same sign is 
&ven to the part which operates like X-rays equipment 200 of above-mentioned drawing 2 , and 
the detailed explanation is omitted, 

[0102] namely, in X-rays equipment 500 in the gestalt of this operation While filing the memory 
301 (1) shown in above-mentioned drawing 3 , 301 (2), the image (original image) made into 
the target of gradation processing of an object part, and its ideal gradation translation table to 
301 (8) Convention default {y());=0 as a concentration value (the last pixel value) of an object 
part, — , n;n also file one or more integers}. 

[0103] Therefore, when a photography part is chosen from a user with a control panel 303. as for 
an original image and gradation translation table and convention default {y(j);=0, — , n;n. one or 
more integers] will be read from the memory corresponding to the selection, 
[0104] In the pixel value Information extract section 523, pixel value (unit or two or more pixel 
values) {x(i)F0 of a regular part, ™, n;n extract one or more integers} from the Input image data 
after processing in the pretreatment section 21 1. The approach and the object image itself which 
extract the average of the pixel value of the pixel circumference of the location of the 
convention in the approach of extracting the pixel value of the locatipn of the convention in an 
object image, and an object image, for example as an extraction method of the pixel value in the 
pixel value information extract section 523 analyze, a specific part detects from the 
configuration of the photographic subject field in an object image, and there is a method of 
extracting the average of the pixel value of the location or the pixel value of the circumference 
of it etc. 

[0105] Although the fitting section 222 was the processing section [ fitting / section / the 
function of a low degree ] with the gestalt of the 2nd operation With the gestalt of this operation 
pixel value (unit or two or more pixel values) {x(j)F0, ~ n;n which were obtained in the pixel ' 
value information extract section 523 receive one or more integers}, n;n performs fitting with 
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above-mentioned convention default {yG)FO and — which were read at the time of selection of a 
user's photography part, and the constraint that one or more integers} corresponds. 
[0106] Drawing 6 shows the situation of fitting in the fitting section 222 in the gestalt of this 
operation. As shown in this drawing 6 , when it is referred to as n= 2, although fitting is carried 
out with the function 601 of a low degree, fitting of the function 602 of the convolution 
transformation table obtained by the synthetic section 216 (when the concentration of the pixel 
of two points is doubled) is carried out at this time so that it may become the value of y (2) to y 
(1) and X (2) as a constraint to x (1), In addition, as a parameter of a function, at least two or 
more pieces are required. 

[0107] The processing flow chart of the software program concerned for carrying out gradation 
transform processing in above X-rays equipment 500 by the software program comes to be 
shown in drawing 7 . Namely, pixel value (unit or two or more pixel values) {x(j)F0 of the part of 
the input image data convention acquired at step S406, step S700 from which n;n extracts 
one or more integers] are added to the flow chart shown in above-mentioned drawing 4 . In 
fitting processing at step S410 Pixel value (unit or two or more pixel values) {x(j)FO, — , n;n 
which were obtained at step S700 receive one or more integers}, n;n performs fitting with above- 
mentioned convention default {y(i)FO and ~ which were read at the time of selection of the 
photo^aphy part of the user in step S401, and the constraint that one or more integers] 
corresponds. 

[0108] In addition, it cannot be overemphasized by the purpose of this invention supplying the 
storage which memorized the program code of the software which realizes the host of the 
gestalt of the 1 st the 3rd operation, and the function of a terminal to a system or equipment, 
and reading and performing the program code with which the computer (or CPU and MPU) of the 
system or equipment was stored in the storage that it is attained. In this case, the program code 
itself read from the storage will realize the function of the gestalt of the 1st - the 3rd operation, 
and the storage which memorized that program code will constitute this invention. As a storage 
for supplying a program code, the memory card of ROM, a floppy disk, a hard disl^, an optical 
disk, a magneto-optic disk, CD-ROM, CD-R, a magnetic tape, and a non-volatile etc. can be 
used. Moreover, it cannot be overemphasized by performing the program code which the 
computer read that it is contained atso when the function of the gestalt of the 1 st - the 3rd 
operation is not only realized, but it performs a part or all of processing that OS which is working 
on a computer is actual, based on directions ofihe program code and the function of the gestalt 
of the 1st - the 3rd operation is realized by the processing. Furthermore, after the program code 
read from the storage was written in the memory with which the functional expansion unit 
connected to ihe extension board inserted in the computer or the computer is equipped, It 
cannot be overemphasized that it is contained also when a part or all of processing that CPU 
with which the functional addHn board and functional expansion unit are equipped is actual is 
performed based on directions of tiie program code and the function of the gestalt of the 1st - 
the 3rd operation is realized by the processing. 
[0109] 

[Effect of the Invention] As explained above, the images (typical target image etc.) with which 
predetermined gray scale conversion was performed according to this invention are made into 
the index of gray scale conversion, and since it constituted so that the histogram of the image 
by which the histogram of an input image was given to predetermined gray scale conversion 
according to the gradation transfer characteristic in the function of a low degree etc. might be 
made to resemble, the gray scale conversion for which it stabilizes and asks is easily realizable. 
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[Brief Description of the Drawings] 

[Drawing JJ In the gestaft of the 1 st operation, it is drawing for explaining the image-processing 
approach (the gradation transform-processing approach) which applied this invention, 
[Drawing ^ In the gestait of the 2nd operation, it is the block diagram showing the configuration 
of the X-rays equipment which applied this invention, 

[Drgwj0g_3] It is drawing for explaining the control panel of the above-mentioned X-rays 

equipment, and the configuration of a display, 

[Drawin g_JJ It is a flow chart for explaining processing by the software program concerned for 
operating the above-^mentioned X-rays equipment by the software program. 
[Drawin^l in the gestait of the 3rd operation, it is the block diagram showing the configuration 
of the X-'-rays equipment which applied this invention. 

[D rawing jB] It is drawing for explaining fitting processing with the above-mentioned X-rays 
equipment 

[DrawjQg ?] It is a flow chart for explaining processing by the software program concerned for 
operating the above-mentioned X-rays equipment by the software program, 
[D rawing 8 ] It is drawing for explaining the gradation property by the conventional film. 
£Drawing^9l It is drawing for explaining the gray scale conversion of an X-ray digital image, 
[Drawing 10] It is the block diagram showing the configuration of the conventional X-rays 
equipment. 

[Description of Notations] 

200 X-rays Equipment 

201 X-ray Tube 

202 Photographic Subject 

203 X-ray Sensor Panel 

204 Controller 

205 Analog / Digital Converter 

206 Memory 

207 Converter (Logarithmic Transformation Machine) 

208 Memory (Offset Value) 

209 Memory (Gain Value) 

210 Memory (Intensity-Distribution Image Data of X-ray) 

21 1 Pretreatment Section 

212 Memory (Gradation Translation Table) 

213 Image-Processing Section 

214 Histogram Generation Section 

215 Table Generation Section 

216 Synthetic Section 

217 Memory (Target Image) 

218 Memory (Target Gradation Translation Table) 

219 Histogram Generation Section 

220 Table Generation Section 

221 Inverse Function Generating Section 

222 Fitting Section 
231,232 Subtracter 
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mmmmmx'it. mm^r-^ m^mm own 



(5). 

7 

I^M^^tim $ McmWi<D \:y^h^7A ^W-iM-itt ^ft * 

[ 0 0 3 2 ] m 1 5 (Dmmit. ±mm 1 4 tom\cis\,^ 

[0 0 3 3 1 ^16 ommt.. 1 5 ey^m\tis\,-^ 

10 0 3 4] mi7(D9^mit. im^i 2n^m^zn^^ 

[0 0 3 5] ^1 B<D?&miX 2©|g?|ic:*JV^ 
to 0 3 6] ^1 9(D^|g{4, tt*«l~l 0<^)fm» 20 

10 0 3 7] B 2 0 CD%^(4, 1 2 ~ 1 8 

LW = Xmin+( I HCi)/ Z H( 

i-»nm t=XiilR 

[0 0 4 4] J-.^^^ (1) 30 
[0 0 4 5] t;^ 0 ij5s#e,ti.5A;fjlW^ 

^, l^li^j^T— ::?Vi' 1 0 3 ic^ o T|5gi8^mf 5 V 

10 04 6]"*, "10 2" it^ Xl^m\^^orm 

:^hi^yA) ^TikL, rrot;^ hiJ'yAi p.2icMtT 
-b. ±!E^ (1) SC^fflV^SrtT?, 40 

[0 0 4 7] ±|ECOCt{i, iSBtOt;:^ 
0 2;^i^^t;^ 1 0 6^#?,7tit>©pg«^^r— 

7"/n 0 4 cO:^'#f± **-r.5^*fer-://k4r 

sseVi fc ;^ h A 1 0 2 tr^Ti-^iiiftlclS^tlT-t 5 

[0 0 4 8] f/i*3*>, ^^^7Al 0 so 
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[00 3 8] 

[00 3 9] m 1 ommm) t-r , mmm^n 
oj{mcmit^-\t^:»mt lt«. wmw-i 1-9 e 3 

[0 040] ±fEig 1 lc:*JV%T, " 1 0 1 " ft, Xit« 

^fM,i^L. "1 0 3" tt, t;^ 0 1%^ 

[00 4 IJ ltW^|ft9'->^/H03{*, tXh^^^A 
^— fb (Histogram Equal izatio 
n) iWm5af?lcj;'3T, t;^ h^^y A 1 0 1 Sri 

[0 0 4 2] LfcjJSo-C. Itm^T^-y^H 0 3 ii, 

mi nSxSXma 

x) s t;^ h^^Ai 0 1^ "H (x) " , mmmmf- 

"L (x) " t LT, 
[0 04 3] 

mi] 

i)) x {Xniax-Xmin) • • (1) 



(a) t;^ h/yA 1 0 1 Sr^-fbl-SPtSS^gl?''-:^ 
-'I'Hl (x) ^f^fife1-5, 

(b) h^'yAl 0 2^*^-^b-t-2)Pt«fe7'-7' 
/I'M 2 (x) Srf^^L, ^•«3gB|j^H2"' (x) Srf^^ 

( c ) It^iemx-rZ/^H 1 ( X ) i , ItiWlEJix-^ 

^l'H2 (x) CiifP^H2" (x) itr-^^Lfc-g-^^ 
i^ir-5^;WH0 (x) =H1 (H2"' (x) ) ^^Mt 

(d) ^jSSgmr-T^/UH 0 (x) JcioT, t:>^hi5^ 
7 A 1 0 1 *^#^Jt5A;fjM«(^PtW«r|&^t5, 
i:v^5A!ia (a) ~ (d) t^nth(fi:\'\ 
[0 0 4 9] Cl^T', i4S't'<^jSf4, (a) 
(d) Ttt, t;^ hi?'7AL^^ftfflLTJob-f. t;^h 

y A (± @ ^ i 1 5 1> (0 ic^^tc-ifel- 5o 

[0 0 5 0] L^^L?:c;)sp,^ w^^a^fi-m^tfei/^i 



a 

2 0 2 ^mmucxm<oxm&mm^^^mmm\zm 

>-^^<^.;U2 .0 3 <D&f3i7'^ 'J^MtLXXBfH 

0 5 x^if^2 0 1 xnxmom^mj^xm. 
s^^y 2 0 6 t, xm^mMx.ti^-^xwMi.fm'&.x 

*>S:f7-fes/ hfi^rEli1-5;^^y 2 0 8 ^^^.2 
0 2 t, L-fcMtlT'fc 5 y-Y Wfi^StSfc^ 

i^b;tffiSr!Eli-f5;^^y 2 0 9i:, ^*y 2 0 6rtco 

^2 3 1 )®»m2 3 1 xnimm^mwmk-r^ 
^m^2 0 7i:, smi&2 0 7T-<^m^t^t^^y 2 
0 9 (^j^ic^aa (fij 0 fi) sr^T 5 ii^gii 2 3 
2t. mm2^2x<Dm^^ {xm.<7>mmmm^ 

f—^) *Ettf Sp'^y 2 1 oi, >-=ty 2 i-ort© 

Bt7='-^iC^UT8(ffeaSr*1-ftilA[!!iltB2 11 t; flfj 
mil 2 1 1 X<Ommm^(n>mi$i.f-^(0\:y^ ^-ifyJ^ 

y 2 1 8 p'^y 2 1 8rt(^aw«mx-y/Hc 

t;^ Ki^'^A^^^f St;^ h^yAifi!JS|5 2 1 9 

mw^m^tmmm±^ 22 it. T-z/^i-m 

§15 2 1 5\CX±^^titcii::^hif9J>.i^~it7'--:f^i't 

^fife1-5^^gg2 1 6 ^fiS<:lfe2 1 6\cxnhiirz^ 

y7-'i>i>'^2 2 2 t. i'x^' ^^©2 2 
St^(?>#j5Kgg^x-7>%IBit-rS * y 2 1 2 

^ y 2 1 2 [^(o-i-j^g^i^^-y^Hc J; y) mm^^^^tz 
nimM2 1 l<i^f±^i]f-J^UT^^oji^il^^!,ai^lfetw^fe 

[ 0 0 6 4 ] .*fe, x^ii^^fi2 0 0 m^\-i. n 

[0 0 6 5} ±iSil3 1cib-V^T. "3 0 3"}^, XiSlii 
f'p/-?;fvU'T-foSo "3 0 2 (1) 3 0 2 (2) , 

3 0 2 (8) " 14. 0 3±^;:^^tP>i^fck 
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c:tLt>cozK^'>'3 0 2 (i) , 30 

.2 (2) , 3 0 2 (8) \t.-m.m^^'-t\.X0 

mw2 0 2 io^ffliii^sisfi {xmmt i.mi2. 

••■) mjSUTISitt^tVTV^S. "3 0 4" ft, mii^a 
100.6 6] "3 0 1 (1) , 3 0 1 (2) . 30 

1 (8) " a. ii(ff/-<^vi.3 0 ^hoWkot^^yzQ 

2 (1) , 3 0 2 (2) , 3 0 2 (8) [cmtfc 
10 ^Si:©;<^y-efci5, -ix&o^^y 3 0 1. (1) , 3 

0 1 (2) . —s 30 1 (8) i±, xmmm.w.2 0 0 

F^J^I^ite^nTV^S. •^L.-t. j't^ysOl (1) , 3 

0 1 (2) , 301 (8) wmmtctt, 
'SL<Dmmvm(r>umtti>m^ {:^')i?-rji^mm , r 
-^t<o^m.mmm^m~^jvt>7 74 y y^-^fix 

v^-5„ mx.\t. 0 2 (1) f;:mf5^*y3 

i^. ^t^yaoi (1) ,30 1 (.2) . 

20 3 0 1 (8) <D^'^^fl\zm'^^^^:t^) i^±/m'klk 

[0 0 6 7] "3 10" t±. xmmmm2oo^m^ 
m.hhtz^TT^mx'h^.. zivm^ns loic^x ^ry 
>i-iii^i 3 0 5. mmmmT~:ffl^ 3 o e . t ^ h 

7 A 3 0 7 . J5;t/|iia^^4fe^li(» 3 0 8 fii^TT^^tl?, X 

10 0 6 8] < xmuBmm 200 tf^^^ij^ : ±ieia 

30 l#M>5fef'. ='>'hti~9 2 0 4^>e>C9M^{CJ:t), 

xmf^2 0 iii^h?&^titxmit. mmi^2 0 2^m 

Mhx.. xm±:yt^<^.'i^2 0 3i:^sj^f •s. xm-t 

}±, =>yhr^-f 2 0 4t)^b<Dmmm<>x. xa-fe> 

f-/-?^/l'2 p 3 omt}^:^^ i^-^MtL. Xi^xV 
A-mftr-^ ifi>Xii7^-f 

mtB^mini^hx\>^6^^^2 0 2<o^mou 
itiDxmf-ii^^'jummT^^xh^, 

40 [0 0 6 9] 7^P^^/7^i;?^'/l.^^fe|§2 0 SA^fcm;/] 

[00 7 0] - ^ -e. x,^-ir >-y-/-;;^/w 2 0 3 few, m 

X\ C(7)(ftjot*aiE-f5fcs6{::, ^fe-f, J^g^2 3 
1*4, ><^y 2 3 lrtOA;^iS^T™^';J>b, ^*y2 
0 8rt(7>;i-7-fe5/ hfi (xit^niW U/jtV^-e®^LfcS^ 
^x;->) ^^^2 0 7(4. *{|;6<]{c(±# 

50 3 1 xnwM-imm<ox-hm'».'f-^ kn%m.%-th. 
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10 0 8 5] ±K&cOJ;7{CtT. 2 1 SfHOPiM 

mmm 200 o^i^mw ■. ±mm 1 »m>icxmm Lit 

[0 0 8 6 ] II 4 ii. A:m(0^ 5 ^£X||ii,^gtt 200 

f cop|«i^*ia lir y :7 h ^7 X 7 7* o 7 A -eftffit 5 

[0 0 8 7] . ^".if !^f^/-^;t>/L' 3 0 3 <D/-ff^' 10 
V3 0 2 (1) , 3 0 2 (2) , 3 02 (8) (Cj; 

t)^ 1^^f^2 0 2©«|^i-5m?rSi*R1-5 {^7^5-7" 
S 4 0 1) „ 

[0 0 8 8] y!.Xi'7°S 4 0 ITf^^-f-^bCDjU^jft 
I'^JCJ:^, 3 0 1 (1), 3 0 1 (2) . 3. 

0 1 ( 8 ) <D 5 *)s ±iE^^jK^ :^{c:*rj^;.t5 ^.y 
l±l^:tt-5 (;^7'5'::^S 4 0 2) „ ctve>cD^ y /Wjl 
Pia*fex-y/l'3 0 6 i: tT«^a5 3 1 0'>-a^$;ft 20 
10 0 8 9] ^T-i/7'S4 0 2(CX^;^tti§tl'fc: 

Sr^fifei-S (;=^Ts/7°S 4 0 3) c w.i©;^^s/7°S4 0 

10 0 9 0] -^-LTs =^—ft>h(omm^^r--y/\^(D 

3 1 0 TOPWlg^T'-y/V 3 0 6 , t >^ > A 3 0 30 

10 0 9 1] mz, ^~ft>i±w.mm^i¥^mt6 

::<^'i^.^'^?^Tyfs 4 0 3\tx^kivtc\iz h 
(;^xy;^S4 0 4) „ 

[0 0 9 2] ;?>^5'7"S4 0 4}o:TicT#^$ix 
yrs 4 0 5)., 

10 0 9 3] xmmmcx 9 , »¥#:<^^i^iijiii 

6) . 

[0 0 9 4] ;^xy7'S 4 0 6(CT5l#$tl.fcA 

0 7) „ 

[0 0 9 5] ^'ry-fS 4 0 7 \ZX±0.^iXt.h 

t5 (;^XS'7'S 4 0 8), 

[0 0 9 6] '>'7°S 4 0 1 ~S 4 0 8©^a:a;i)S|^T 
i-Si. :^7-y:fS40b\zx'i%hntzmm%.T—:fj\^ 

y 4 0 8 (c-C#6.nfcPtll^*X"-7>i: 60 
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4 0 9). 

[0 0 9 7] ■?:UT. ;^ryrs 4 0 9fCT#fenfc-^ 
■"://^^fflv^T^ :^7-yfS>A0&\t.x'^t:>h,1tXf}m 

uf'-'^\z^Lxmmmkm.^M-r (^Ty7'S4i 
.1) . 

[0 0 9 8] \:.:^V^^yJ>~^~it<Dmm^^T—-/ 

[0 0 9 9] c» 3 (D%m<Dmm) tt. mm^i^on. 

[0.10 0] ^ zx. :^mMmmX'ii, II 
BWimmW: 5 0 0 ±E|11 2 OXi^lft^ilM 2 0 0 t 

mmm^tvx^^^^^K xmmmM:2oom^^ 
1 0 1 0 1 1 j^, jiiBii 5<Dxmmmmwi 500 (c*5v^ 
[0 10 2] -ttai^h. :^mmff>j&mx(oxmm^m9. 

5 0 OXit. ±mmz\C?r^Ltc?i^'; 3 0 1 (1) , 3 

01 (2) . >"..3oi (8) jcssftT, M^mi.(Dm 

{y (j) ;=0. n : n}4liyJ:;(DSit) 
[0103] LftMo T, M^^/^';tv^3 0 3 !ci 15 

mmMmiy (j) ;=0, n ; niilJ^iOlS 

[0104] w^iEif ^tttaas 5 2 3 ft, m^mu 2 1 

m (x (j) ;=o, 

n ; n{ti&.±(Dmm ^ttm-fs, mmimni^m 
5 2 3X(Dmmm<^miiimtLx\t. m^a. *t^B{fe 
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